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INTRODUCTION. 

The  carbon  lamp  is  the  most  widely  used  of  the  incandescent 
type  at  the  present  time.  Within  the  last  few  years  several  new 
varieties  of  these  lamps  have  been  invented,  and  these  have  a much 
ligher  efficiencjA  than  carbon  filament  lamps.  They  have  however  the 
iisadvantage  of  higher  first  cost  and  the  filaments  are  very  fragile. 
Their  introduction  has  seriously  threatened  the  use  of  carbon  lamps, 
and  has  led  to  efforts  on  the  part  of  manufacturers  to  decrease  the 
!*irst  cost  of  their  product  in  order  to  better  compete  with  the  other 
varieties . 

One  method  used  to  cheapen  the  cost  of  carbon  lamps  is  to  re- 
fill them.  This  process  consists  of  taJcing  lamps  wiiicli  have  burned 
)ut  and  breakingaway  enough  of  the  glas^j  at  the  pointed  tip  to  in- 
sert slender  instruments  into  the  bulb.  These  instruments  detatch 
;he  filaments  at  the  point  where  the  carbon  is  fastened  to  the  plat- 
.num  leads. 

The  interior  of  the  bulb  is  then  cleaned  with  acid  to  remove 
ihe  carbon  which  has  been  deposited  there  by  the  old  filament.  After 
.he  bulb  is  cleaned  the  new  filament  is  inserted  and  brazed  on  the 
)latinum  leads.  The  lamp  is  then  reexiiausted  and  sealed. 

In  view  of  the  fact  that  these  refilled  lamps  have  been  quite 
fidely  advertised  by  several  large  manufacturers,  it  was  thought  that 
L test  to  compare  them  with  new  carbon  lamps  would  furnish  valuable 
,nf ormation. 

The  lamps  used  in  this  test  were  selected  from  an  assortment  of 

50  Eafetyr  efilled,50  Economy  refilled 
'0  Boston  refillea^and  50  Columbia  new  incandescent  lamps.  The;/"  were 

,11  of  16  candle  power  size  and  ordered  direct  from  the  manufacturers. 

. .fter  a careful  prelininary  test  25  of  each  variety  were  selected. 
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PR£Lim.NARY.  • • ' ■ ' 

The  lamps  were  first  numbered  from  one  to  fifty  each  lamp  being 
given  an  index  letter  corresponding  to  the  first  letter  of  its  name. 
They  v/ere  t)ien  placed  upon  a low  voltage  approximately  60,  which  is 
sufficient  to  make  the  filament  glow,  but  not  so  brightly  but  that  it 
jould  be  locked  at  with  the  naked  eye.  In  this  manner  crooked  or 
cinked  filaments  and  small  spots  in  the  filament  could  be  detected. 

\.t  the  same  time,  the  lamps  were  examined  as  to  the  straightness  of 
:he  tip  and  mounting,  the  solidity  of  the  base,  and  the  smoothness 
ind  regularity  of  the  bulb. 

The  lamps  v^ere  then  tested  for  vacuum  by  placing  them  across 
:he  secondary  of  an  induction  coil  in  parallel  with  a 3/R  inch  air 
gap..  The  degree  of  fToresence  detected  in  the  bulb  was  graded  ac- 
cording to  seven  selected  lamps,  shov^mng  the  floresence  due  to  tlie 
corresponding  stages  of  vacuum.  These  lamps  had  been  previously 
selected  by  the  Department  of  Electrical  Engineering. 

The  last  preliminary  test  was  the  measurement  of  the  candle 
power  and  current  consumption  of  each  individual  lamp.  This  was  done 
upon  the  three  meter  photometer  bar  by  comparison  with  a sta,ndard 
lamp.  This  standard  lamp  had  previously  been  carefully  calibrated, 
with  three  ottier  standarcL fron  the  Electrical  Testing  labora- 
tories at  New  York.  Only  the  mean  horizontal  candle  power  of  each 

lamp 

lamp  was  measured.  The ^tested  was  placed  in  an  upright  position 
at  one  end  of  the  photometer  bar,  and  its  full  normal  voltage  110, 
was  impressed.  It  was  then  rotated  at  about  IBO  revolutions  per 
minute  while  the  photometer  screen  was  being  adjusted.  The  standard 
lamp  was  placed  in  an  upright  position  at  the  other  end  of  the  bar, 
care  being  taken  to  get  it  in  line  v^ith  the  center  of  the  bar,  and 
exactly  on  a level  writh  the  test  lamp  . The  voltage  and 
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3. 

current  of  the  test  lamp  were  measured  with  standard  laboratory  in- 
struments which  were  calibiated  especially  for  the  experiment.  The 
adjustment  of  the  voltage  was  obtained  by  means  of  a stove-pipe 
rheostat.  The  candle  power  of  the  lamp  tested  was  calculated  from 
the  photometer  screen  readings  by  the  usual  law  of  inverse  squares. 
Tile  current  consumption  of  each  lamp  was  measured  at  the  same  time, 
in  order  that  its  efficiency  in  watts  per  candle  power  could  be  cal- 
culated, 

From  the  results  of  these  preliminary  tests,  the  laiTips  for  the 
life  test  were  selected  all  lamps  whose  filaments  exhibited  any  weak 
spots  on  low  voltage,  those  which  were  unusually  crooked  or  kinked, 
and  also  those  which  showed  a poor  vacuum  were  discarded.  In  select- 
ing lamps  according  to  their  watts  consumption , those  which  were 
nearest  the  average  were  chosen. 
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Distribution  Curves. 

The  vertical  distribution  curves  are  shown  by  the  accompanying 
figure  , That  for  the  Boston  shows  the  poorest  distribution.  The 
curves  are  approximately  three  quarter  circles,  the  tip  candle  power 
being  greatest  and  the  distribution  curvethe  most  perfect  in  case  of 
the  Columbia  lamps. 

The  curves  showing  the  rating  are  all  very  similar.  That  of 
the  Economy  is  very  uniform  although  its  average  value  is  almost 
exactly  the  same  as  the  other  three  varieties.  The  uniformity  of  the 
candle  powers  at  the  start  also  agrees  with  the  rating. 
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LIFE  TESTS. 

After  the  final  selection  had  been  made,  the  lamps  were  placed 
in  lamp  banks  in  the  attic  of  the  Electrical  Building.  The  lamps 
were  arranged  in  the  banks  as  is  shown  in  the  accompanying  diagram. 
This  arrangement  gave  equal  heating  effect  and  equal  voltsge  drop  to 
each  of  the  different  varieties.  They  were  then  placed  in  a vertical 
position  with  the  tip  downwards  and  kept  in  the  same  relative  posi- 
tions throughout  the  test,  but  not  in  the  same  sockets.  The  current 
was  truned  on  at  9 P.M. March  24  1910  and  the  test  continued  for  1100 
hours.  The  candle  power  and  current  consumption  of  each  was  measur- 
ed after  approximately  the  following  periods:-  25,  75,  100,  200,  300, 
400,  500,  600,  700,  800,  900,  1000  and  1100  hours. 

In  order  to  insure  a very  nearly  constant  voltage,  the  current 
was  supplied  by  the  storage  battries:  The  battries  were  continually 

charged  by  " floating"  them  across  tVie  power  plant.  A rheostat  was 
also  placed  in  the  circuit  for  a fine  adjustment  of  the  voltage. 

There  was  some  vibration  of  the  lamp  bank  due  to  the  raachinerj'^  in  the 
building, but  no  more  than  could  be  expected  under  ordinary  conditions. 

At  the  expiration  of  1100  hours  tv/enty- three  of  the  twenty-five 
Boston,  tv/enty  of  the  twenty-four  Coluiabis,  seventeen  of  the  twenty- 
five  Safety  and  seventeen  of  the  twent;r-four  Econom;;^  lamps  were  burn- 
ing. 

In  examining  the  data  from  the  test  it  is  seen  that  two  of  the 
Safety  lamps,  all  of  whose  conditions,  base,  mounting  of  filaraent, 
tip,  bulb  and  vacuum  were  good  at  the  start,  burned  out  after  100 
hours.  These  lamps  burned  out  because  of  air  which  had  gained  access 
to  the  bulb,  when  they  were  placed  in  the  socket  for  measuring  the 
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candle  power. 

This  was  true  in  the  case  of  the  Economy  Isunps  one  of  which 
"burned  out  at  three  hundred  hours,  two  at  four  hundred  hours.  The 
filaments  of  two  of  the  lamps  were  somewhat  crooked  but  the  vacuum 
was  good.  Of  the  Boston  lamps  one  had  burned  out  at  four  hundred 
hours,  with  all  its  conditions  good  at  the  start. 

In  view  of  these  facts,  and  the  fact  that  none  of  the  Columbia 
lamps  failed  before  seven  hundred  hours  of  burning,  it  would  seem 
to  be  a rational  conclusion  that  the  cement  holding  the  glass  in  the 
base  had  weakened  with  age.  As  it  was  necessary  to  screw  the  lamps 
into  the  socket  and  remove  them  several  times,  the  cement  had  cracked 
during  the  handling  and  allov^red  air  to  enter  the  bulb.  Those  that 
failed  after  longer  periods  of  burning  showed  marked  discoloration  as 
if  the  filament  had  thrown  off  particles  of  carbon  until  it  became  so 
small,  that  its  resistance  increased  enougli  to  cause  it  to  burn  out. 
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GAIIDLE  P0W5R  J.IAINTETTANCS  AJTO  CHAJjrrE  I'T  EPRICIEI^CY. 

The  curves  giving  the  average  values  of  the  candle  power,  show 
the  usual  performance  ■f’or  carhon  laraps  in  case  of  the  Colmnhia  new 
lamps.  The  three  varieties  of  refilled  lamps  all  show  exactly  the 
opposite  case  to  that  of  the  Columbia's  during  the  -first  seventy-five 
to  one  hundred  hours.  From  the  initial  candle  power  tiie3^  fall  off 
several  percent,  rising  afterward  to  tlieir  maximum  value.  As  might 
be  expected  v^ith  falling  candle  power  their  watts  per  candle  rise, 
fall  when  the  candle  power  increases,  and  rise  again  as  the  lamps  de-= 
crease  in  brightness  later  on. 

Of  the  four  varieties,  the  new  lamps  maintain  a higher  candle 
power  throu^^hout  the  test  and  their  current  consumption  is  also  the 
lowest . 

The  Economy  lamps  give  the  neigt  best  results,  the  candle  power 
and  watts  per  candle  curves  lying  next  to  the  Columbia.  The  }3oston 
laraps  come  next  and  the  Safety'-  last.  Until  900  hours  the  lamps  all 
have  an  efficiency  of  about  75^,  but  from  t}ds  point  on,  thej''  fall  so 
rapidly  that  it  would  not  be  profitable  to  burn  them. 

After  the  lamps  had  burned  300  hours,  they  were  compared  with  a 
series  of  ten  lamps,  showing  various  stages  of  descoloration.  These 
standards  had  been  burned  for  different  periods  of  time, and  hence 
showed  carbon  deposits  of  different  densities  on  the  bulb.  They 
ranged  indensit^r  from  95  per  cent  of  the  original  candle  power  down 
to  66.9  percent,  and  were  numbered  from  .5  to  5.  The  lamps  were  com- 
pared with  these  standards  every  100  hours,  and  from  these  observa- 
tions the  rapidity  with  which  they  blackened  could  be  determined. 

The  accompanying  discoloration  curves  are  plotted  between  the  average 


4^  <~  - .■•rru.'  , -'^\k  4^  .;  ®fip?t 


'.‘*i  ’y^'^jal 


' i.  ’I 


OL 


^V«§  ^ 


ja  T i*™" 

*.  'i  iftr  ^ *i>'  4»r^  '■; 

■ .1 


I. 


* » 


I . -'  •.  »'4‘-i  11 


'«  >: 


•*/.H5ii>i/  vf'i  y':  ■ » . ., '^'v  ■ f*  ' 5 


f '.'  tlte- . . /> 


JDj^C  o/oA-csfj^y  'o^. 


Di^colorat/on  Curves 
C o/umb/ a 
I ^ conom  Y 
'■ — Safety 


-Qoston. 
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■blackness  of  the  lamps,  hurnins  at 

the  time 

of  taking  each 

reading, 

and  hours.  They  blackened  uniformly  but  with  various  rates 

. The 

Columbia  lamps  blackened  the  most 

rapidly. 

This  might  be  expected 

from  their  candle  power  curves , which  also 

fall  off 

more  rapidly  than 

the  other  lamps  during  this  period 

• 

SUiaiARY  0?  LIFE  MB  EYrICIENCY  TESTS, 

New 

• • 

Refilled 

Lamps 

Columbia: Bos ton 

Safety 

Economy 

Average  Mean  Horizontal  C.P. 

a.  Hew 

15.1 

16.1 

15.1 

16.1 

b.  500  hr. 

15.0 

14.6 

13.2 

14.5 

c.  700  hr. 

14,8 

14.1 

12.3 

14.1 

d.  1000  hr. 

13.0 

12,3 

11.4 

12.5 

Average  Watts  per  C.P. 

a.  Hew 

3.9 

3.8 

3 . 85 

3.55 

b.  500  hr. 

3.95 

4.30 

4.03 

4.00 

c.  700 

3.95 

4.20 

4.25 

4.04 

d.  1000  hr. 

4.75 

4.82 

4.70 

5.20 

Average  Watts  per  C.P. 

a.  through  500  hr. 

3.69 

3.91 

3.98 

3.73 

b.  througli  1000  hr  bui^ning 

3.88 

4.12 

4.15 

3.98 

Average  C.P. 

a.  through  500  hr. 

15.8 

15.9 

13.8 

15.6 

b . through  1000  hr . 

15.1 

14.9 

13.1 

14.8 

Average  Watts  per  C.P.in^ 

Taking  Columbia  equals  100^ 

a.  through  500  hr  burning 

lOOfo 

105.9^ 

107. 8^€ 

101. 1> 

b.  through  1000  hr. burning 

lOOfo 

106.2^ 

107.2^ 

102 . efo 

I 
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Lamps 

K.W. hours  due 7 16  C.P.  lamps. 


New 

Cloi  mhia 


Refilled 

Boston  Safety  Econonj?’ 


a.  500  hr. 

29500 

31300 

31800 

29800 

b.  1000  hr. 

5 9000 

62600 

63600 

59600 

Cost  of  operation  plus  cost  of 

lamps,  of  one  16  C.P. lamp. 

a.  500  hr  at  lOcts.per 

K.W.  hr 

.f3.11 

#3.21 

#3.26 

#3.06 

b.  1000  hr  at  lOcts  per 

K.W.  hr 

$6  • 06 

#6 , 32 

#6.44 

#6.04 

Cost  of  operation  plus  cost  of  lamp 
of  one  16  C.P. lamp  expressed  as 
Columbia  as  100^ 

> 

a.  500  hr 

100  103.2^ 

104 . 8^ 

98.5;^ 

b.  1000  hr 

100  104 . 3^ 

106 . 3^ 

99. 7^ 

First  cost  of  lamp 

16  cts 

, 8 cts.  8 cts.  8 

The  Economy  and  Boston  lamps  seemed  to  blacken  at  the  same  rate 

and  their  candle  power  also  fell  off  proportionately.  The  "Safety" 

lamps  must  have  blackened  rapidly  at  the  start  as  their  candle  power 

fell  off  at  the  start  and  continued  to  fall  until  the  termination  of 

the  test,  A summary  of  the  performance  of  the  lamps  on  the  life  and 

efficiency  test  is  shown  by  the  accompfinying  table.  Considering  the 

cost  of  power  for  a single  lamp  of  eacli  variety,  and  putting  the 

first  cost  of  the  new  lamps  at  16  cents  each  and  the  refilled  at 

B cents  eacli  the  results  show  that  the  Economy  lamps  were  somewhat 

more  economical  than  the  Columbia,  but  the  other  two  varieties  were 

more  costly.  At  one  thousand  hours  the  results  are'  very  nearly  the 
same, being  a little  more 
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10. 

more  favorable  to  the  new  lamps.  It  would  seem  that  the  slight  dif- 
ference in  cost  between  the  best  of  the  refilled  varieties  and  the 
new  lamps  would  hardly  counterbalance  the  greater  reliability  and 
uniformity  of  new  lamps. 

/ 


11. 


COHCLUSI ONS . 

From  a comparison  of  the  candle  power  time  curve  of  the  new 
Coluiahia  lamps,  with  curve  showing  the  performance  of  similar  lamps 
under  the  same  conditions,  it  is  found  that  the  res\ilts  a.re  the  same. 
The  refilled  lamps  do  not  follow  any  law  during  their  first  100  hours 
of  burning.  Their  performance  is  simply  erratic,  and  no  cause  can 
be  ascribed  to  it,  except  that  they  are  more  unreliable  than  the  new 
lamps . 

The  candle  power  of  the  refilled  lamps  is  less  than  the  new 
lamps  and  their  watts  per  candle  is  in  all  cases  greater.  As  a rule 
the  filaments  of  the  refilled  lamps  were  more  kinked  and  showed  more 
unevenness  than  the  new  ones.  This  vacuum  was  not  so  good  and  their 
tips  and  mountings  more  distorted.  The  initial  cost  of  refilled 
lamps  is  about  one  half  that  of  new  lamps,  but  this  decreased  first 
cost  is  more  tlian  counterbalanced  by  their  increased  current  consump- 
tion and  generally  more  unsatisfactory  performance  except  in  case  of 
the  Economy.  In  this  case  the  costs  of  operation  are  very  nearly 
equal  although  the  Economy  lamps  gave  more  failures  early  in  their 
life  than  the  Columbias. 

The  comparison  would  be  fairer  if  a set  of  new  lamps,  v/as  burn- 
ed with  each  set  of  refilled  lamps.  The  performance  of  the  Columbia 
lamp9,  however,  is  typical,  as  was  found  by  comparing  the  results  of 
this  test  with  others  carried  on  under  the  same  conditions.  Therefore 
if  the  conclusions  reached  favor  the  new  lamps  at  all  they  do  so 
very  slightly. 
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